CRITERIA FOR THE RECOGNITION OF IMPACT MELTS
Clast-free impact melts have igneous textures, but can be distinguished from endogenic melts by their meteoritic siderophile elements, uneven textures produced from heterogeneous nucleation with inhomogeneous distribution of nucleii, or phase relationships incompatible with igneous processes. However, most impact melts contain clastic material (impact melt breccias; StOffier et al., [1980] ). Many have textures once interpreted and named recrystallized, and hence were believed to be of metamorphic origin [e.g., Albee et al., 1973] . Genuinely metamorphic rocks, e.g., granulitic breccias [Stbffier et al., 1980] , do occur on the moon, and their distinction from impact melt breccias is petrogenetically significant. We use several criteria to identify samples as dast-bearing impact melts rather than metamorphic breccias: Euhedral/ Skeletal Olivines Such olivines are similar to those in rapidly cooled igneous rocks, but do not survive even mild recrystallization. Their presence even in minor amounts and as tiny grains (as in 15445 [Ryder and Bower, 1977a] ) implies an origin from a melt.
Bladed Ilmenites and Ilmenite Chains
Ilmenite crystallizes from silicate melts in euhedral, bladed forms that are less well developed at slower cooling rates [e.g., Usselman et al., 1975] . In fairly obvious impact melts, such as the clast-poor Apollo 17 poikilitic boulders [Simonds et al., 1975] , the bladed ilmenites occur as interoikocryst chains. In clearly metamorphic rocks such as granulites, ilmenite is most commonly anhedral, dominantly as small equant isolated grains.
In such rocks, chains are rare. Bladed or tabular ilmenites are taken as an indicator of impact melt, especially when they occur in chains.
Interstitial Glass
Rapid melt crystallization can produce residual glass, whereas metamorphic devitrification will destroy glass. If reheating of a rock were sufficient to cause minor partial melting, and then Spudis [1980] postulated that the LKFM glass composition was derived from exposure of Serenitatis ejecta within Hadley Delta, as these glasses appear from Fe and Mg data to be similar in chemistry to the Apollo 17 poikilitic melts (interpreted to be Serenitatis basin melt) but different from the melt of 15445 and 15455 that had previously been concluded to be Imbrium basin melt [Ryder and Bower, 1977a] The available chemical data is inadequate to really assess the nature of impact melts in or on the Apennine Front, or the events that produced them. It is obvious that 15405 is from an event later than and totally separate from Imbrium or the Apennine Front, and it seems likely that 15445/15455 are a little different from the few other poikilitic melts and hence might be a product of the Serenitatis basin event.
METHODS OF CHEMICAL ANALYSIS
Following petrographic identification of samples as finegrained impact melt breccias, small chips (51 to 114 mg, most about 100 mg) were obtained. They were chosen to avoid any obvious clasts as much as possible. The chips were ground to a fine powder using an agate mortar and pestle on a flow bench in a clean room. In one case (15308), an effort was made to separate apparent clast material. Five to 10 mg of powder was taken from most samples for making a fused bead; the remaining powder was used for instrumental neutron activation analysis (INAA).
INAA was conducted using the standard procedures, detectors, and data storage and reduction system of the Johnson Table 1 . The general consistency with previous trace element analyses for the melts demonstrates both that the analyses are good and that the sample sizes of 50 to 100 mg are large enough to be representative for rocks of this fine-grain size. For sample 15455,257, there was about 50% sample loss during irradiation. Assuming no contamination, the raw results provide ratios among but not absolute amounts of elements. In Table  1, Table 1. A fused bead was made of standard rock BCR and analysed I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  !  I  I  I  I  I  I  I  I   A14 
Origins of Groups of Impact Melts
Imbrium was the last major basin affecting the Apollo 15 landing site, and created the Apennine Front. Samples can be considered in reference to this event: The Front may consist of pre-Imbrian materials deposited as Imbrium ejecta or exposed within the Front due to structural uplift. Some of the ejecta may consist of Imbrium melt itself, deposited virtually simultaneously with the formation of the Front (actually just slightly preceding it if the rings are formed, as generally believed, by immediate postimpact modification). Some of the melts may be post-Imbrium, formed in smaller, local events, making them a superficial, rather than integral, component of the Front (Figure 2 ). With but one exception (15414,35), all of our analyzed impact melts are KREEP-rich, the majority being of LKFM composition. Although the ultimate origin of LKFM is still unresolved, it appears that the most well-studied LKFM melt rocks are of basin origin (e.g., the Apollo 17 poikilitic melts; Simonds et al. [1974] ). Spudis [1984] proposed that LKFM is produced mostly by basin-forming impacts; part of the reason for this postulation was the observation from orbital geochemical data that, in general, the lunar highlands surface is both too aluminous and too KREEP-poor to produce LKFM melts during the formation of small (10-100 km diameter) impact craters. We do not exclude the possibility that some LKFM melts are produced by craters rather than basins [Spudis and Ryder, 1981 ], but at places around the moon where the origin of LKFM melt rocks is perceived as being well understood, a basin origin for these rocks is usually invoked. The single sample 15414,35 forming Group E is completely anomalous and unrelated to KREEP, as shown not only by the rare-earth pattern but the near chondritic Ti/Sm and Sc/ Sm ratios (Figures 3, 4) . The target included cumulus plagioclase, as shown by the positive Eu anomaly, even though the A1203 content is only 22%. Furthermore, the Th/U ratio, despite the errors associated with these measurements, appears to be much lower than the -3.8 commonly found in lunar and meteoritic samples, including KREEP. Silver [1976] showed that plagioclase and pyroxene have lower Th/U ratios than the liquids from which they crystallized. This suggests that the target contained little trapped liquid with KREEP, Mg-suite, or mare characteristics. The characteristics, including the low Mg', are consistent with a target of cumulate plagioclase and pyroxene that was produced during the ferroan-anorthosite-producing, magma-ocean epoch. Because targets of this composition do not currently exist in the Apollo 15 region [Davis and Spudis, 1985] , we suggest that this sample is either of pre-lmbrian age or was thrown to the Apollo 15 site as an exotic rock. An age for 15414,35 would be helpful in evaluating how long such pristine targets were in existence on the moon. 
Petrographic Descriptions of the Analyzed Impact Melts
Letters below refer to the corresponding photomicrograph ( Figure A1 ). The split in parentheses is that of the chemical analysis. 
